Zusammenfassung. Da im Bereich der Halbleiterindustrie eine steigende Nachfrage nach Quarzpulver mit niedriger Alpha-Aktivitfit besteht, wurde die Uranbestimmung in hochreinem Quarzpulver mit Hilfe einer vereinfachten Kernspurmethode untersucht, bei der jewels etwa 0,5 g der Probe und des Kernspurdetektors (synthetisches Quarzglasplfittchen mit etwa 0,04 ppb U) in eine Polyethylenkapsel gegeben und mit einem thermischen Neutronenflug von etwa 1017 cm-2 bestrahlt wurden. Ein einfaches Verfahren zum chemischen Atzen der Spuren wurde angewendet. Alle Messungen der Urankonzentration wurden relativ durchgeffihrt dutch Vergleich der unbekannten Spurdichten mit denen yon Standardglas NBS SRM 617. Die Zuverlfissigkeit des Verfahrens wurde bis herab zu etwa 0,1 ppb U geprfift. Die in den untersuchten Proben gefundenen Urankonzentrationen lagen im Bereich von 7,9 bis 0,12 ppb.
Introduction
The passage of ionizing radiation through semiconductor memories has been shown to change the logical state of individual memory cells [5] . Since the problem, what is known as soft error of computer, originates mainly from alpha-rays emitted from the surface of the memory device package, not only packaging materials with low alpha-radioactivity, but also accurate analytical techniques for trace alpha-ray emitters such as uranium have strongly been de-sired in the field of electronics related to semiconductor memory devices. At the present state in development of denser semiconductor memory devices, an alpha-ray emission rate of less than 10 -3 cm -2 h -1 is desired. An acquisition time in the order of months is necessary for a reliable measurement of alpha-ray emission rates at this level by means of currently used alpha counting methods which have a large effective area, e.g. ~100 cm -2. On the other hand, such a desired extent of alpha-ray emission rates from the surface of memory device packages roughly corresponds to uranium concentrations lower than 2 ppb, in the case where 238U and 232Th are contained in the packages uniformly, the activity ratio of 232Th/Z38U is unity, and radioactive equilibria in uranium and thorium decay chains are achieved.
The fission track method is a non-destructive procedure which can be highly selective and sensitive for natural uranium by appropriate selection of the fission track detector and neutron irradiation conditions [3] . By this method, the determination of uranium from 7.5 ppm down to 1.5 ppb in materials related to semiconductor memory devices was achieved by Riley [6] , who showed that the fission track method is capable of determining natural uranium concentrations below 0.04 ppb by using high-purity fused silicia as a fission track detector and by irradiating specimens with a thermal neutron flux of ~ 1019 cm -2, while uranium at ppb levels could be determined with poor reliability by typical non-destructive neutron activation analysis [4] .
Powdered high-purity quartz is one of the materials with potential low alpha-radioactivity, and is, therefore, in demand as a raw material to manufacture semiconductor memory device packages. Furthermore, a simplified and reliable technique is desired for routine analysis of uranium at ppb levels in powdered quartz.
In the present work, the determination of traces (0.1 ~ 10 ppb) of uranium in powdered high-purity quartz has been studied by the fission track method. In order to facilitate the application of the fission track method in the routine determination of uranium at ppb levels in powdered samples, procedures for preparing neutron irradiation specimens and for chemical etching of fission tracks have been simplified. filler material of semiconductor memory device packages: two samples among seven were powdered rock crystals (natural quartz crystal); three among seven were powdered fused quartz glasses manufactured from rock crystal; the rest were powdered synthetic quartz glasses. Individual powdered samples were sieved to obtain a grain size fraction <0.15 mm.
The primary standard material used in the present uranium determination was glass standard reference material (SRM) 617 (72.37_+0.89 ppb U; 235U/238U atomic ratio = 0.00616 __ 0.00001 [2]; nominal composition: 72% SiO2, 14% Na20, 12% CaO, 2% A1203), which is available from the National Bureau of Standards (NBS). Rock reference material (RM) JB-2 (powdered basalt; grain size < 0.15 mm; uranium concentration by preliminary analysis at GSJ: 170 ~ 210ppb), which is available from the Geological Survey of Japan (GSJ), was used as a secondary reference material.
Fission track detector
A high-purity synthetic quartz glass plate, Viosil-SMS, which is available from Shin-Etsu Quartz Products Co., Ltd., Japan, was employed as the fission track detector for this work. The Viosil-SMS, inherently manufactured as a synthetic quartz substrate for hard surface integrated circuit photomask, was chosen for the following reasons: (1) the lowest uranium concentration (~ 0.04 ppb) among commercially available fission track registration media which were examined preliminarily by the fission track method; (2) extremely low density of surface defects which will disturb fission track counting; and (3) hard surface resistive against abrasion by powdered quartz. The Viosil-SMS quartz glass plate (75 mm x 75 mm x 1.5 mm), of which the two faces were protected with adhesive tape in advance, was cut into small pieces (10 mm x 5 mm, t.5 mm thick) by using a diamond wheel cutter. The pieces -fission track detectors -thus obtained were removed from adhesive tape, numbered serially by using a diamond glass cutter, washed with acetone, 2 M HNO3, distilled water, and methanol, successively, and dried. The final washing with methanol and subsequent drying were carried out in a Teflon bottle.
Procedures
In the conventional fission track procedure, the powdered sample is generally put tightly in a small hole (e. g., 3 5 mm in diameter) drilled in an appropriate holder (e.g. polycarbonate). In the present work, handling of powdered samples to prepare neutron irradiation specimens was carried out in a simple and easy way as described below.
The powdered quartz sample, unless otherwise specified further (Table 2) , was washed in a Teflon bottle with 1 M HNO3, distilled water, and methanol, successively. A piece of washed fission track detector was placed in a polyethylene capsule (6 mm i.d., 17 mm internal height) lengthwise, and powdered quartz, dried after the washings, was then loaded. The amount of powdered quartz loaded in a capsule was from 0.4 to 0.5 g. Prior to use, the polyethylene capsule was washed in a Teflon bottle with 2 M HNO3, and distilled water, successively, and dried. Each specimen, prepared in the way mentioned above, was plugged and sealed in a polyethylene bag. On the other hand, in order to evaluate the blank concentration of uranium in the fission track detector itself, four pieces of fission track detectors at a time were put in layers and vacuum sealed in a polyethylene bag.
Pieces (~ 5 mmx ~ 5 mm, 1 mm thick) of the NBS glass SRM 617 were soaked in 0.5 M HNO3 for 1 min, in distilled water for 0.5 min, and in methanol for 0.5 min, successively, and dried in a Teflon bottle. Each piece of the NBS glass SRM 617 thus cleaned was sandwiched between two fission track detectors and vacuum sealed in a polyethylene bag. The GSJ rock RM JB-2 was loaded into a polyethylene capsule together with a fission track detector in the same way as mentioned for powdered quartz.
Except for the washing procedures, all the sample handling mentioned above was performed in a large polyethylene bag, one bag for each sample, so as to minimize external and cross contaminations. Prior to the following neutron irradiation, in order to monitor the thermal neutron flux, stainless steel wire (0.5 mm in diameter) weighing ~ 30 mg was winded around each sealed specimen in a polyethylene bag. The specimens with neutron flux monitors were then placed in an irradiation tube (31 mm i.d., 65 mm internal height) which has a capacity for 21 specimens.
Neutron irradiations were carried out in the TRIGA-II nuclear reactor at Musashi Institute of Technology, Japan, at a thermal neutron flux rate of ~ 7 x 102 ~ cm-2 s-2. The duration of neutron irradiation was 50 h (i. e., 5 h/day x 10 days) for the determination of uranium in powdered quartz, and was from 6 min to 50 h for an examination of response of the NBS glass SRM 617 to the present fission track counting. Since the irradiation tube was placed in the cooling water of the reactor, annealing of fission tracks by heating was avoided.
After neutron irradiation and subsequent cooling for about one week, the fission track detectors were taken out of the irradiation specimens, rinsed briefly in distilled water to remove sample powder, and dried. Radioactivities in the fission track detector after the cooling of about a week was negligibly low. Then, the fission track detector, placed one by one in a polyethylene test tube with a ~ 4 mm q5 hole in the bottom, was immersed in 46% HF at ~20~ for 2 min to etch fission tracks on the surface of the fission track detector. Ultrasonic vibrations were applied to the etching
